Studies have implicated sexual violence as a strong correlate of HIV acquisition in women. Characterizing how such violence affects the female immune system may provide insight into the biological mechanisms of HIV transmission and ultimately improve global HIV prevention strategies. Little research has been carried out in this domain, and the obstacles to investigation can be daunting. Here, we describe methodological challenges encountered and solutions explored while implementing a study of dysregulation of immune biomarkers potentially indicative of increased HIV susceptibility in women following sexual assault. Challenges included accessing sexual assault survivors and defining sexual assault, promoting study participant well-being during research engagement, reducing selection and information bias, collecting and processing biological samples, and adjusting for confounders such as reproductive tract infections and emotional and physical abuse. We found that many survivors of sexual assault welcomed the attention from study staff and felt empowered by the opportunity to help other women at risk for violence. Welltrained research staff and well-articulated community and medical partnerships were key methods to overcoming challenges while promoting the safety and welfare of vulnerable study participants.
are targets for HIV infection. 18 Recent research is examining the role of inflammation and immune activation in the acquisition of HIV, under the hypothesis that a dysregulated immune microenvironment resulting from the stress that accompanies penetrative sexual assault may independently increase the risk of HIV acquisition.
19-22
Sexual violence occurs in women of all age groups; however, incidents in older women are particularly under-reported. 23 Postmenopausal women are especially vulnerable to injury, immune compromise, and HIV susceptibility following sexual assault.
Immunologically, the loss of estrogen with aging leads to decreased levels of protective antimicrobials, commensal lactobacilli, and cervical mucus production. 20, 24 Considerable thinning of the vaginal epithelium coupled with vaginal dryness leads to greater trauma, 16 and the aging process severely impairs wound-healing abilities. 25, 26 Understanding the nature of the immune response following sexual violence could lead to better post-assault care and to the development of new HIV prevention tools and interventions. Additionally, it may even result in discovery of novel immune biomarkers associated with sexual assault, which could be useful in identifying women who might otherwise go untreated. Research in this field is hampered, however, by the many challenges inherent in studying women following sexual assault, both in general and in the context of HIV infection. Due to the stigma and trauma associated with sexual violence, women who have experienced abuse are often both hidden and vulnerable, making them difficult to reach and presenting ethical and logistic challenges in studying them. In this study, we describe challenges we encountered while investigating biomarkers relevant to HIV susceptibility in women who have recently experienced sexual violence and suggest approaches to overcome these in the future research.
| STUDY DESIGN

| Funding and ethical statement
This study was informed by the implementation of two separately funded but interrelated studies (DC-CFAR: AI117970 [Greenberg/ Ghosh]; NIH: R56AI111933-01 [Ghosh] ). The studies were conducted according to the principles expressed in the Declaration of Helsinki and approved by the Institutional Review Boards of The George
Washington University (081328, 071408) and MedStar Health
Research Institute (2014-216). All participants provided written informed consent. In the description below, we have collapsed the two studies into a single multi-armed study for ease of understanding.
| Study aims and activities
The purpose of the study was to compare immune biomarkers indicative of HIV susceptibility between women who had experienced forced vaginal penetration during the preceding 12 weeks (cases) and women who had never experienced forced or coerced vaginal penetration (controls). We investigated inflammatory biomarkers that are known to enhance HIV, endogenous antimicrobials that are known to inhibit HIV, and biomarkers involved in tissue repair and woundhealing pathways. Clinical specimens were also collected to confirm 
| Inclusion and exclusion criteria
Participants had to be HIV-negative, with uterus and at least one ovary intact, not pregnant, not breastfeeding, and either pre-menopausal (18-45 years old with regular menstrual periods) or postmenopausal (50-90 years old with no periods for at least 1 year). Initially, our intention was to exclude women who tested positive for any reproductive tract infection (RTI) or presented with genital tract lesions or mucopurulent discharge suggestive of an infection; however, during implementation of the study, we relaxed this requirement as discussed below.
| Ascertainment of case/control status
For community-recruited participants, case/control status was determined by two questions in the CASI: (i) "Have you ever been forced without your consent to have vaginal sex (with or without a condom)?" and (ii) "When was the last time this happened to you?" Participants were considered cases if they indicated they had experienced forced vaginal penetration during the past 4 weeks (later changed to 12 weeks as discussed below) and controls if they reported never having experienced forced vaginal penetration. To maximize the contrast, women who had experienced forced vaginal penetration in the more distant past were excluded from the study. For women presenting to the hospital ED, a forensic nurse determined case status based on patient report and any other available information.
| RESULTS
| Sample size and current status of recruitment
We initially aimed to recruit a total of 34 cases and 30 controls ( from the community) and three postmenopausal cases (one from the hospital and two from the community). Throughout the implementation of this study, we identified several salient challenges and adopted methods to overcome them ( Table 2 ). The remainder of the study will discuss these with the intention of informing future research.
| Challenges to community-based recruitment
Considering our very specific target population, we initially used three approaches to focus our efforts: recruiting at universities, peer referral, and partnering with community domestic violence and sexual assault service organizations. Later we experimented with online advertising.
| Recruiting university students
The Association of American Universities recently found that 11% of undergraduate women surveyed had experienced unwanted sexual penetration by force or incapacitation since entering school, and other researchers have reported similar findings. 27, 28 In an effort to reach this group, fliers were posted around the undergraduate campus local to the study. These fliers were initially vague about the purpose of the study to protect the privacy of the study participants and avoid the stigma associated with sexual assault.
As expected, we easily accrued controls, but after several months we had enrolled no cases using our 4-week window, and increasing this to 12 weeks did not improve recruitment. Adjusting the fliers to be more specific about sexual assault produced only a marginal improvement; two cases were recruited at the local campus and two more cases when the study was expanded to three additional college campuses. Among the women screened out of the study, seven had experienced forced vaginal penetration 3 to 6 months prior to the study, and at least 10 in the more distant past, suggesting that women were increasingly interested in participating as time elapsed from their reported sexual assault. Importantly, because we identified fewer cases than anticipated from our university-based recruitment,
we accrued a control population that was disproportionately young, healthy, and self-identified as White compared to our case population.
| Incentivized peer referral
An incentivized referral structure that had worked successfully in previous studies conducted by members of the study team (not involving sexual violence) was not effective for recruitment. Study participants were given up to five coupons to distribute to family members, friends, or social networks. Those referring ultimately eligible participants received $10 per recruitment in addition to the incentive for their own study participation. However, from the 75 participants we enrolled, we received only eight referrals, none of whom were eligible cases.
| Partnering with community organizations
Working with local domestic violence agencies, housing shelters, and organizations for homeless women, we received numerous referrals for the study. Our most successful collaboration involved direct re- 
| Recruiting postmenopausal women
Recruiting postmenopausal women for our study proved especially challenging. After several months, we had enrolled only one control based on our fliers and none from partnering with community organizations. To address the problem, we revised both the language and the style of the fliers, enlarging the print and highlighting the benefits of the study to older women. We distributed the revised fliers throughout the city and along metro corridors, posting them in places where older women were known to congregate: gyms and weight loss centers, public libraries, community centers, and retirement communities. This resulted in the enrollment of the four controls needed to complete this group, but no cases. However, we were eventually successful in recruiting cases by placing an online classified advertisement on Craigslist.
| Online advertising
During the final 3 months of active community-based recruitment, we placed an advertisement for volunteers on Craigslist. This resulted in 
Online advertising may be useful in reaching both older and younger women who are looking for ways to contribute to the community or to supplement their incomes. One concern with this approach was that women recruited in this way might be unduly motivated by financial considerations and might be induced to misrepresent their sexual experiences; however, to minimize this possibility, all participants were blinded to the specific eligibility criteria.
| Challenges to hospital-based recruitment
After assessment of sensitivity and acceptability, we partnered with Participation consisted of providing blood from a vein in the arm and cervical swab samples, which were collected by the forensic nurse at the end of the examination to avoid compromising forensic evidence.
As the women were already having blood and cervical specimens obtained for the medical forensic examination, 29 the collection of additional specimens for research was not thought to impose a substantial burden. Furthermore, to minimize psychological distress, participants
were not asked to provide CASI data. Although we felt this omission was necessary, it limited our ability to measure potential confounders such as depression, medication and drug use, and sexual and abuse histories.
Some women who presented to the ED were unable to consent due to intoxication or a traumatized emotional state. Among those capable of consent, many chose not to have a medical forensic examination and were excluded from the study to avoid compromising evidence, in case they changed their minds within the prescribed 96-hours window for evidence collection. Thus, a minority of patients was offered the study; however, most of the women who were approached consented to participate.
One challenge we encountered in this group was an incomplete recall of events that had occurred during the assault. Memory of any traumatic event is often found to be scattered or incomplete, and sexual assault is no exception. 30 The involvement of alcohol or other drugs in at least four of the nine incidents (44%) may have also contributed to this incomplete memory. Sometimes the women were not sure whether vaginal penetration had occurred, nor could this be definitively ascertained by examination. Studies indicate that it can be difficult to discern between injuries sustained from recent consensual sex and non-consensual assault. 16, [31] [32] [33] Forensic evidence kits were only processed if the victim decided to press charges, and for legal reasons, we did not have access to the results that might have confirmed the presence of semen or foreign DNA. Furthermore, the absence of semen does not prove that vaginal penetration did not occur, as the perpetrator may have used a condom or not ejaculated. Given these uncertainties, we depended on the statements of the survivors and the expertise of the forensic nurses to determine eligibility. This is a gap in the field that we seek to address by identification of biomarkers associated with sexual trauma.
A second challenge was the potential contamination of specimens with semen and other substances (discussed under Clinical and Laboratory Challenges, below). In spite of these drawbacks, this strong partnership resulted in a relatively rapid accrual of cases.
| Vulnerability of cases
Vulnerability of cases was of particular concern in the design and implementation of the study. Not only were the women potentially traumatized by recent violent events, but many had additional vulnerabilities including lack of income, lack of safe housing, and ongoing involvement in abusive relationships, which is often attributable to financial dependence. Stigma regarding rape and intimate partner violence persists and frequently serves as a barrier to seeking care and treatment. Survivors of sexual violence have higher rates of substance abuse, depression and other mental health issues than the general population, [34] [35] [36] posing additional challenges to recruitment and retention in research.
Ensuring a high level of training for research staff and being prepared to provide care and counseling referrals were essential.
Excellent resources 37 were identified for training. Close partnerships with local domestic violence and sexual assault service organizations were key. Several queries came from women who had experienced assault and expressed some interest in the study, but mostly wanted to find out about HIV testing and referral into care. These women were connected with appropriate services regardless of whether they participated in the study. It is noteworthy that not all staff persons were comfortable with the idea of asking women who had recently experienced assault to participate in research of this nature, feeling it was simply too sensitive a time to approach them even with comprehensive ethical oversight. This is an important training point, highlighting the critical element of research team member comfort with the study goals and methods.
Compounding the difficulties of engaging and supporting the target population was the sensitive nature of the study activities themselves, which included recalling and reporting on recent traumatic events, sharing other sensitive personal information, and undergoing a pelvic examination with cervicovaginal lavage and swab collection.
Some women who inquired about the study opted not to participate after learning what was involved; however, most were not deterred.
Once enrolled in the study, participants indicated that the procedures were acceptable, although some of the postmenopausal women reported discomfort associated with a non-lubricated speculum examination. The use of a non-lubricated speculum is standard for studies investigating genital tract biomarkers as the presence of lubricant in samples can compromise specimen integrity. We were able to reduce the discomfort using the smallest available size of speculum, which was soaked in lukewarm water prior to use. Female study staff explained the procedures in advance and provided support during and after the visit. Many of the women who participated in the study expressed appreciation for the opportunity to do something positive following a negative experience. We observed that participation seemed to have a recuperative effect, allowing the women to acknowledge their experiences and interact constructively with other people while being treated with respect and normalcy. Retention of cases (7/8=88%) as well as controls (10/10=100%) was excellent in the longitudinal arm of the study, corroborating this perception. Because of the apparent association between emotional, physical, and sexual abuse, it will be challenging to disentangle the effects of each. We will perform sensitivity analysis if possible but will be limited by our small sample size and lack of CASI data from hospitalrecruited participants.
| Operationalization
| Other forms of abuse
| Time elapsed between assault and sample collection
Because this is a new area of research, the duration of the effects of sexual violence on immune biomarkers is not known. Thus, we aimed to collect samples as soon after the event as possible, hoping that by comparing samples obtained at different intervals in the longitudinal arm and at different time points, we might detect patterns based on time elapsed. All samples from the hospital arm of the study were obtained within 96 hours of assault, consistent with the requirements of forensic evidence collection guidelines. For community-recruited participants, we sometimes learned the exact date of assault but more often had a range of possible dates based on information obtained from community partners or the CASI. We determined that at least four of the 15 first-visit samples were obtained within 4 weeks and at least 12 within 8 weeks of the event. For the longitudinal arm, the fifth sample was obtained 10-20 weeks after the event or sometimes even later due to scheduling difficulties, as described below.
| Clinical and laboratory challenges
| Scheduling and quality of specimens
The scheduling of visits depended upon the availability of the participant, the study coordinator, the clinician collecting the samples, and the laboratory scientist processing them. For the longitudinal arm of the study, scheduling was further complicated by the necessity of timing based on the participant's menstrual cycle. We wanted to observe the changes in biomarkers over the course of the cycle and therefore aimed to collect two samples during the follicular stage and two during the luteal stage for each pre-menopausal woman. To match this timing, we collected samples at 2-week intervals from postmenopausal women. 39 For all community participants, we tried to ensure that the samples were free of blood, semen, and vaginal lubricant, as these can obscure the biomarkers being studied. In addition to all of the above, we had to reschedule if a participant was on antibiotics as the presence of certain medications can impact the genital immune microenvironment.
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Assuring the concordance of all these factors while sampling as soon as possible after sexual assault proved to be a formidable challenge, but the use of a shared online calendar as well as regular communication between members of the study team facilitated the process. Among community-recruited participants, the samples were occasionally contaminated or a visit had to be rescheduled due to unexpected menstrual bleeding or recent sexual activity. We attempted to minimize this problem by reminding participants 48 hours prior to each appointment to abstain from having sex, lubricating, and douching. Trusting relationships were developed between the participants and research staff, who acknowledged the unpredictable nature of menstrual cycles and sexual encounters and emphasized the importance of communicating when complications arose. As a result, we were able to reduce, although not eliminate, these challenges to the laboratory validity of samples.
In the case of women sampled at the hospital, our protocol presented a paradox because blood and semen resulting from sexual assault and lubricant from the medical forensic examination made it difficult to observe the effects we were studying. Unfortunately, the nature of the research prevented us from excluding these factors as would typically be performed in studies investigating mucosal immune biomarkers. Because these factors are intrinsic to this research, every effort should be made to develop and improve upon assays that can validate biomarkers in this type of sample. To this end, we hope to obtain valuable information by comparing the samples from the hospital with the relatively "clean" (free of blood, semen, and lubricant) samples from community. As a result, first visit samples were sometimes contaminated. For the longitudinal arm of the study, we then faced a choice: collect the remaining samples on the original schedule or wait 2 weeks for a course of antibiotic treatment, which we prescribed or referred.
Although we knew the RTIs were likely to act as confounders, we adhered to the original schedule for pre-menopausal women to meet time points through the menstrual cycle and thus preserve comparability between participants. For postmenopausal women, we waited for treatment.
| Collection methods
Several different methods may be used for obtaining genital fluids including CVL, cervical, or vaginal swabs obtained by a clinician, and vaginal self-swabs. 41 All have been used successfully to detect secreted genital immune mediators. 42 As swabs were already collected routinely for the medical forensic examinations at MWHC, we considered the collection of additional swabs to be the least invasive approach for these vulnerable women in the immediate aftermath of assault. For community-recruited participants, our clinicians collected CVL using 0.9% normal saline (BD Biosciences, Franklin Lakes, NJ, USA) followed by two cervical swabs, allowing us to compare the two collection methods. CVL sampling was found to be acceptable and well tolerated, and we were able to detect multiple biomarkers in both types of samples.
Once collected, the samples had to be transferred as soon as possible to the laboratory for processing. The community samples were collected at a clinic near the laboratory and could be walked over immediately, but the MWHC samples had to be picked up, often at night or on weekends, by our staff trained in handling and shipping bio-specimens. In case of possible pick-up delays, we provided the research nurses with a small refrigeration unit for storage of the cervical swabs and a rocker for blood samples. However, we were able to pick up all samples within 2 hours of collection. Once the samples arrived at the laboratory, processing typically took 4 to 6 hours depending upon the experiments being conducted, necessitating late nights for the laboratory staff.
| DISCUSSION
Several studies have successfully recruited survivors of sexual assault using community-based methods, especially after preliminary strategic assessment and with support from local leaders. 43, 44 Our results suggest that recruitment among the general population becomes less feasible the narrower the window of time elapsed from the event and thus underscore the importance of working with organizations that provide access to recently assaulted individuals. Furthermore, recruitment of controls from low-prevalence populations should be avoided as it may lead to selection bias. Peer referral, although not effective for us, has proved useful in other studies.
45-48
Formal partnerships with domestic violence and sexual assault service organizations might be more effective than the informal approach we used. In particular, the creation of satellite offices, where screening and study activities could take place on site, would reduce or eliminate many of the barriers to participation we encountered. Ideally, controls would be recruited from the same populations, thus reduc- The relationships between sexual assault, immune system response, and HIV susceptibility may be obscured by participant characteristics such as age, hormonal status, hormonal contraception, RTIs and other comorbidities, substance abuse, stress, social support, and socio-demographic factors. Our experience indicates that it may not be feasible to exclude women with RTIs or samples containing semen from research. It may even be undesirable, given the prevalence of these factors in the target population, as it would greatly limit generalizability. Improved laboratory techniques to measure immune biomarkers in the presence of these substances should be sought.
The strong correlation we found between different emotional, physical, and sexual violence may be partly explained by selection bias.
However, to the extent such a correlation exists in the general population, a large sample size would be helpful in disentangling the separate and interactive effects. It would further provide statistical power to detect small effects while adjusting for the presence of RTIs and other covariates. Given the limitations to recruitment potential in any single location, the development of multisite consortia may be critical to the advancement of research in this area.
| CONCLUSION
Our study confirms that research into the relationships between sexual assault, immune biomarkers, and HIV acquisition is possible although not without challenges. Moreover, we found that many survivors of sexual assault felt empowered by participating and welcomed the chance to help other women experiencing violence. When biological samples or other data must be collected within a short time after assault, well-articulated collaborations with organizations that serve sexual assault survivors are essential. Safeguards for the trust, privacy, and well-being of potential study participants must be incorporated into study design. To sustain active involvement by partners, good communication channels should be maintained, adequate resources provided, and activity records kept.
Screening activities should be brought to potential study participants rather than requiring them to incur costs in time and money before eligibility is ascertained. In addition to removing unnecessary burdens for women who do not meet inclusion criteria, this would increase study participation, reduce selection bias, and potentially reduce exposure misclassification.
Future research should be directed at developing larger studies and sample repositories which would provide power to differentiate between the effects of various causal factors. 
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